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SUMMARY We ha ve considered the agricultural effects that could derive from successive applications of 
a municipal compost from the city of Seville, with a high contamination capacity. The study was carried 
out in a green-house using a markedly calcic soil (CaC03 > 20%) as the substrate. Compost was ap-
plied up to a maximum (totalloading) that would be equivalent to 200 t ha-1!4 years (experiment 
with Lolium multiflornm), 300 t ha-1!3 years (Trifolium fragifernm) and 400 t ha- I!6 years (tomato). lm-
proved germination and yield were also found in Lolium with a total compost loading of 450 t ha-1 in rela-
Hon to adose of 50 t ha-l. 
Compost accumulation caused a signifícant increase of Zn, Cu and Na in the plants, despite the markedly 
calcic substrate used. The copper in Trifolium increased to nearly 25 ppm, at which level it could begin to 
be toxic for sheep, and the Na in the Lolium leaves surpassed by more than 400% the level in the contrals. 
On the contrary, Mn levels in the tomato plants decreased as a consequence of compost accumulatíon. 
Key words: municipal refuse, plant characteristics. 
INTRODUCTION 
As pointed out by many authors (e. g., Kuri-
hara, 1984), the concept of recycling waste 
nutrients and organic matter back to agricultur-
alland is feasible and desirable. Furthermore, 
this practice would help to solve the domestic 
waste disposal problem of many cities. 
However, the use of city refuse composts as 
fertilizers or soil amendments presents certain 
limitations due to their pollution capacity, 
which require the impositíon of various con-
straints, mainly expressed in terms of permissi-
ble loading, both with respect to public health 
protection and to crop yield maximization. fi 
is advisable to gear application so as to supply 
sufficient but not excessive N for crop require-
ments, and to limit the presence of trace ele-
ments in wastes and soil in order to limit their 
impact on the environment. Specifications for 
solid waste composts have been discussed by 
Zucconi and de Bertoldi (1987). 
However, as pointed out by TjelI (1985), there 
are large differences in the regulatory measures 
for sewage sludge application between diHerent 
countries, with large variations in, for example, 
the permissible Iimits for soil concentrations of 
heavy metals, or the annual or total loading. 
This situation also exists for composts. Without 
precise controls, this amplitude of criteria could 
lead in some cases to excessive metal accumu-
lation in agricultural soils. It is important to note 
that, as with farmyard manures, much of the 
value of composts for soil fertility may arise 
from the cumulative effects of several applica-
tions which contribute to the structural im-
provement of the soil and, in some cases, the 
release of nutrients. 
According to de Haan (1981), frequent appli-
cations of composts may result in negative ef-
fects on some soils, but on other soils there may 
be a significant increase in the maximum yield. 
However, despite this significant increase of the 
yield, there can also be detrimental conse-
quences for the plants and those organisms con-
suming them. The present study deals with the 
effects of successive applications of compost on 
selected plant characteristics, in order to com-
pare their advantageous and detrimental impli-
cations. 
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MATERIALS AND METHODS 
The experiments were performed in a green 
house, using pots with a capacity of 0.2 m3 (40 
cm depth) and as the substrate a calcíc loam soil 
typícal of southern Spain (pH 7.8; CaC03 > 
20%). Composted municipal refuse from the 
city of Seville (fraction < 30 mm, available for 
sale) was used as the organic fertilizer. A com-
mercial inorganic fertilizer was also used. As a 
guide-line, table 1 shows some properties of the 
< 2 mm fraction of the municipal compost from 
the city of Seville. More information about this 
compost can be found in previous works (Gon-
zalez Vila et al, 1982; 1985a b)' 
In the fírst experiment (~tudy 1), six ran-
domized repetitions with Lolium multiflorum 
Lam., cv. Barwoltra were set out for each of the 
following treatments: 1. annual loading of 
municipal refuse compost at arate of about 48 
t ha-1 for four years (totalloading nearly 200 
t ha-1, with a concentration of about 25% in 
the zone of application: first 5-6 cm). 2. The 
same pattern but with a different refuse com-
post loading: 12 t ha-1 (totalloading of com-
post nearly 50 t ha- l ). 3. Annual fertilization 
with a 8-15-15 compound fertilizer at arate of 
1.2 t ha-1 for four years. 4. Control, without 
any fertilization. In the 5th year Lolium was 
again cultivated in the same pots but without 
any treatment (residual effect). Plant shoots 
were collected three/four times ayear and 
weighed and analysed at each sampling. 
In the second experiment (6th and 7th years, 
study Il), a number of the pots described above 
were cultivated with tomato plants (cv. Mar-
mande). Three randomized replications with 
four plants per pot were set out for each fol-
lowing treatments: 1. Annual loading of 
municipal refuse compost at arate of 100 t 
ha-·1 for two years, in the pots with a previous 
accumulation of 200 t ha-1 (total loading of 
about 400 t ha- l ). 2. The same pattern but 
with a loading of SO t ha-1 per year in the pots 
with a previous accumulation of SO t ha--1 (to-
talloading of about 150 t ha-l ). 3. Annual fer-
tilization with the inorganic fertilizer (1.2 t 
ha-1 per year) in the pots already subjected to 
thls treatment. 4. Control, without fertilization. 
Tomato production was obtained annually for 
each individual plant (six plants per treatment) 
and each plant was finally analysed in terms of 
its leaves, stems, roots and fruit. The other six 
plants were analysed at the pre-anthesis stage 
(first harvest). 
An additional experiment (study IlI), similar 
to the one carried out with Lolium, was per-
formed with Trifolíum fragiferum L. cv. Sali-
na, for three years and with three replications 
for each of the following treatments: 1. Com-
post application (100 t ha- l per year). 2. Inor-
ganic fertilization (1.2 t ha- 1per year). 3. 
Control. Finally, the germination and dry mat-
ter production from six lots (replications) of 50 
seeds of Lolium multiflorum were determined 
in soil fertilized with adose of compost of SO 
t ha-l , applied either on unfertilized soil or on 
soil with a previous loading of compost of about 
400 t ha-1 (study IV). 
The soluble Na in the soil and fertilizers was 
extracted using a solid:water ratio of 1:10. This 
para meter was also determined by sequential 
centrifugation at a solid:water ratio of 1:20. The 
extractable and total Na were obtained by sam-
pIe calcination (500e C) and extraction with 
conc. HCl (HCI extractable) and sequential 
treatment with HN03-HCl04 1:4 (v/v) and 
conc. HF (total Na; Bennet et al, 1962). The Na 
was determined by flame emission. The N in the 
plants was determined by Kjeldahl digestion and 
the mineral elements were extracted according 
to Pinta et al (1969) by dry ashing, followed by 
treatment of the ashes with conc. HCl on a hot 
plate, dissolving the residue with conc. HF. The 
Ca, Mg, Mn, Zn and Cu were determined by 
atornic absorption, the P by a spectrophotomet-
fic determination of the phosphovanadomolyb-
dic complex, and the K and Na by flame 
emission. When the data were subjected to an 
analysis of variance the mean separation was 
performed by Duncan's (1955) multiple range 
test. 
RESULTS AND DISCUSSION 
Tables 2, 3 and 5 show that increasing quanti-
Hes of city waste compost determine a parallel 
increase in the production of the three species 
studied, not only in comparison with the con-
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Tab, 1 Chemical properties 01 the composted municipal 
refuse from the dty 01 Seville (fradion < 2 mm), 
pH 7-8 Fe (ppm) 10000-20000 
Q,M,(%) 20-30 Mn (ppm) 600-1200 
C/N 8-11 Zn (ppm) 500-1500 
(Cr/C,) x 1001 20-30 Pb (ppm) 300-500 
CEC (meq 100g-1) 80-100 Cu (ppm) 180-220 
N(%) 1.5-2.0 Cr (ppm) 30-110 
P(%) 0,3-0.6 Ni (ppm) 30-80 
K(%) 0.6-1.0 Ca (ppm) 7-10 
Na (%) 0,6-3.0 Cd (ppm) 3-5 
1 Ratio 01 reducing sugar C to total C x 100 
trol, but also compared to the results obtained 
with the inorganic fertilizer. Therefore, it seems 
obvious that periodic loading of compost and 
its further accumulation in the soil can be very 
profitable in some cases to get better yields from 
many plants, at least in calcic soil, such as that 
used in these experiments. 
Total yield of Lolium dry matter after five 
years of experimentation (study I, tab. 2) ex-
ceeded the control production by about 35% 
when the higher dose of city compost had been 
loaded. The increase was only 10 % when the 
lower dose of compost was applied. In the last 
year of compost application (4th year), the har-
Tab. 2 Cumulative dry weight of Lolium multíflorum (kg of shoots per 2.5 m'). 
Years 
Treatments 
(Study l) 1" 1,t and 2nd 1" to 3rd 1" to 4'h 1" to 5th 
1.83 a 4.05 a 7.30 a 10.38 a 13,41 a 
2 1.78 b 3.50 b 6,04 b 8,40 b 10,93 b 
3 1.78 b 3.63 b 6.38 b 9.22 e 11.71 e 
4 1.54 e 2.82 e 5.20 e 7.31 d 9.97 d 
Values followed by the same letter in the same column do not differ signifieantly (P < 0.05). 
Tab.3 Cumulatíve produetion of tomatos (kg per plant, 
mean values). 
Years 
Treatments 
(Study Il) 1" 1" and 2nd 1st to 3rd 
1 3.1 a 4,4 a 11.9 a 
2 2.2 b 5.2 b 7.4 b 
3 1.9 be 3.6 e 5.3 e 
4 1.5 e 3.0 e 4.3 d 
Values followed by the same letter in the same eolumn do 
not differ significantly (P < 0.05). 
vests obtained were 45 and 11 % higher than 
that of the control, respectively. In the 5th 
year, a positive residual effect of the highest ac-
cumulation of compost was still observed, as 
the corresponding yield surpassed the control 
production by 14% (data that can be inferred 
from tab. 2). 
In the case of the tomato plants (study 1I), a 
positive effect from the compost accumulation 
was abo observed. In the 3rd year, without fer-
tílization, the highest dose of compost previous-
ly loaded (as high as 400 t ha-l ), increased the 
tomato production by more than 170% in re-
latíon to the control, as can be seen from tab. 
3. In the second year, the vast presence of the 
compost increased production by 250% over 
that of the control. Despite this, the average 
weight of the tomato fruit was always similar 
to or higher than that of the control (tab. 4). 
Tab. 4 Mean weight (g) of tomato fruiL 
Years 
Treatments 
(Study JI) 1" }', and 2nd 1" to 3,d 
50.6 49.1 52.2 
2 48.0 41.6 53.1 
3 58.9 51.2 46.3 
4 44.4 41.1 40.3 
In the case of this plant, the influence of inor-
ganic fertilization on the yield was only negli-
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gible, at least compared to the compost effect 
(tab. 3). 
In the case of Trifolium, the application of 
compost at a rate as high as 100 t ha-1 per 
year (three years) caused a total production of 
dry matter that was nearly 100% higher than 
of the control. In the 3rd year the increase was 
still higher (137%), thus corroborating the use-
fulness of a consecutive accumulation of com-
post in the soil (tab. 5). 
Tab. 5 Cumulative dry weight of Trifolium frag¡ferum (kg 
of shoots per 2,5 m2). 
Years 
Treatments 
(Study lIl) 1st 1st and 2nd pt to 3rd 
3.93 a 7.56 a 11.56 a 
2 3.55 a 6.88 a 10.56 a 
3 2.04 b 4.13 b 5.82 b 
Values followed by the same leUer in the same column do 
not differ significantly (P < 0.05). 
Most of the compost doses used in these 
studies surpassed the recommended levels for 
compost utilization. But excessive, uncontrolled 
high loadings of composts are currently possi-
ble on agricultural lands. For example, vine-
yards may be fertilized for a long period with 
large amounts of compost in order to meet their 
high requirement for organic supply (Hoffmann 
and Scheweiger, 1983). The increase in plant 
yield that can be obtained in sorne cases with 
consecutive applications of compost may be 
tempting to many farmers. 
It is possible to argue that such a heavy load-
ing of compost could damage the germination 
of many species. However, there are data in the 
literature which suggest that many seeds can 
support heavy applications of compost. Hunt 
el al (1973) believe that applications to the soil 
at rates as high as 5 to 10% by weight immedi-
ately before planting will not suppress seed ger-
mination. We have noted a positive effect oE the 
accumulation oE compost on the seed germina-
Hon of lolium multíflorum, as shown in Hg. 1. 
A germination test was performed with one 
compost application of 50 t ha~l on unferti-
Iized soil (concentration in the area of applica-
tion of about 6.5%) and the same dose was 
applied to other pots with a previous heavy 
stock oE compost (total loading of compost of 
about 450 t ha-l , with a concentration of 
about 50% in the zone of application). The ger-
mination after 10 and 12 days was always sig-
nificantly higher (P < 0.05) in the pots with 
accumulated compost. The maximum compost 
accumulation also promoted better plant de-
velopment, as the harvests obtained with this 
treatment were significantly more abundant (P 
< 0.05). 
However, any positive effects that the suc-
cessive accumulation of compost might have on 
plant yield could be more than offset if this ac-
cumulation involves a serious pollution of the 
soil with heavy metals or other hazardous 
materials. In this respect it is important to note 
that, at present, the content of heavy metal s in 
composts is increasing, as has been pointed out 
by Zucconi and de Bertoldi (1980). Zinc and Cu 
are usually present in very significant amounts, 
although Pb and other metal s may exceed Cu 
depending on local varíations. 
Although metal toxicity does not increase in-
definitely with successive additions oE waste (Le-
win and Beckett, 1980), plants treated with high 
amounts of compost of an unsatisfactory qual-
ity may contain undesirably high Ievels of sorne 
heavy metals. Figure 2 shows the Zn and Cu 
contents of Trífolium shoots in the two first 
years of cultivation (study UI). Thé presence of 
compost resulted in highly significant in creases 
in the Ievels of Zn compared to the control (P 
< 0.05), although they never reached the toxic 
limits established for plants or animals, at least 
in the calcic soil used here (most animals can 
tolerate leveIs as high as 400-500 ppm; Geor-
gievskii, 1982). However, the plant Cu content 
seemed to easily reach levels near 25 ppm, 
which can begin to be toxic for sheep. We have 
also observed Cu contents near 40 ppm in Trífo-
Hum bracJ¡ycalycinum cropped in calcic soil fer-
tilized with compost (unpublished data). 
On the contrary, the Mn, Pb, Ni, Cr and Cd 
contents of Trifolíum did not increase signifi-
cantly in plants treated with compost (study HI). 
Manganese leveIs were even a líttle lower in 
these plants, although the differences in relation 
to the control plants were not statistically 
signifi-
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Hg. 1 - Germination and cumulative dry matter production of Lolium multiflorum. Effects of compost ap-
plication (50 t ha~l) in: a) unfertilized soil (e); b) previously fertilized soil (.) (400 t ha-1 of 
compost). 
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Fig. 2 Zinc and Cu contents of Trífolium fragiferum (dry matter basis). ( • ) Compost at arate of 100 t 
ha-1 per year; ( .. ) inorganic fertilization; (---) control. 
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cant. However, it is important to note that soils 
with a high pH and large organic matter reserves 
are particularly prone to Mn deficiency (Men-
gel and Kirkby, 1982). Therefore, a heavy ap-
plication of compost could depress the Mn 
availability in the soil. We have certainly ob-
served that, in general, Mn levels were signifi-
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cantly reduced (P < 0.05) in tomato plants as 
consequence of compost accumulation (study 
II, Hg. 3). 
Salinization may be another, more immedi-
ate problem to consider in sorne cases. Although 
de Haan (1981) pointed out that the total solu-
ble salts in urban composts are generaIly rather 
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Fig. 3 - Manganese contents (dry matter basis) of leaves, stems, roots and fruits of tomato plants. ( • ) Compost 
at arate of 100 t ha-1 per year; (e) compost at arate of 50 t ha-1 per year; ( .. ) inorganic fertiliza-
tion; (---) control. 
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Tab. 6 Total. HCl extractable and water soluble Na in compost, inorganic fertilizer and soíl. 
Total Na HCI extraetable Na 
Water soluble Na (ppm): extractions 
Sample 
(%) (%) 
Compost 2.94 0.93 
Inorganic fertilizer 0.55 0.62 
Soil 0.40 0.12 
low (1-2%, on a dry matter basis), urban com-
post from the city of Seville may possess a 
notieeable total Na content in sorne cases, with 
an important water soluble fraction, available 
to plants (tab. 6). This fraction, of about 0.5% 
(total of the six extractions) is similar to the to-
tal amount present in the inorganíc fertilízer, in 
which Na is present as NaCl contaminating the 
KCl. As expected, soluble Na is released at the 
same rate from the compost as from the inor-
ganie fertilizer (tab. 6). But the compost still has 
a significant stock of Na, principally represented 
by the difference between the total Na (2.94 %) 
and that extracted by conc. HCI (0.93%). The 
1.2 
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3650 725 390 230 96 30 
16 3 < 1 < 1 < 1 < 1 
first data of X ray diffraction show the presence 
of alkali felspars in the compost samples (un-
published data). 
As shown in Hg. 4, the Na content in the Lo-
lium plants certainly increased when treated 
with compost (this was also observable in the 
Trifolium and tomato plants). In relation to the 
control plants the increases were statistically sig-
nificant (P < 0.05) in most of the harvests. As 
expected, plant Na levels al so rose when the in-
organíc fertilizer was used, because of íts sig-
nifícant water soluble Na content (tab. 6). But 
the compost still showed an important residual 
effect on the plant Na content (5th year) , de-
4th 5th (résidu<1l) VEAR 
4 HAR'lESTS 
Fig. 4 Sodium content (dry matter basis) oE shoots of Lolium multiflorum. (-) Compost at arate of 48 
t ha-1 per year; (o) compost at arate of 12 t ha-1 per year; (.) inorganic fertilization; (---) control. 
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Tab. 7 Nitrogen, P, Ca, Mg, K and Na contents in lea ves (1) and stems (5) of Lolium multiflorum. Mean values on dry matter basis (%). 
N P Ca Mg K Na 
Treatments 
(Study 1) lis lis lis lis lis lis 
"" W 1 1.55 0.65 2.4 0.19a 0.15a 1.3 0.85a 0.47a 1.8 O.43b 0.18a 2.4 3.ó3 2.63a 1.4 O,42a 0.2Oa 2.1 W 
3 1.70 0.65 2.ó 0.20a O.13a 1.5 0.94a 0.53a 1.8 0.48a 0.20a 2.4 3.75 2.38a 1.ó 0.32a 0.16a 2.0 
4 1.55 0.60 2.ó O.12b O.OSb 1.5 O.75b O.33b 2.3 O,42b O.lsb 2.8 4.00 2.17b 1.8 0.14b O.Oób 2.3 
VaJues followcd by the same letter in the .ame column do not differ significantly (P < 0.05). 
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Tab. 8 - ¡ncreases (%) of Na, P, Ca, Mg, K and N in ¡eaves (\) and stems (s) of Lolium multiflorum produced by fertiliza-
tion (cakulated on the basis of the nutrient contents of the control plants). 
Treatments 
(Study l) 
Na P Ca Mg K N 
1 200 233 58 87 13 42 2 20 -9 21 o 8 
3 128 167 67 62 25 61 14 33 -6 10 10 8 
pending on its Na stock, as indicated above. 
This effect is not observable with inorganic fer-
tilization. 
Therefore, heavy accumulations of compost 
may have in sorne cases a significant capacity 
to release Na. Tables 7 and 8 show data cor-
responding to analyses of plants from the last 
harvest of the 4th year, with a total compost 
load equal to 200 t ha 1 and 4.8 t ha-1 of in-
organic fertilizer (data corresponding to the low-
er dosage of compost are not presented because 
they follow a quite similar pattern to those for 
the high dose of compost). Jt can be seen from 
table 7 that Na, as well as N and Mg contents 
are proportionally higher in the leaf (plants in 
aH treatments showed similar water contents). 
However, when expressing the increase of each 
nutrient in the fertilized plants with respect to 
the corresponding level in control plants (tab. 
8), it is clear that Na is the element that has ris-
en the most. 
This circumstance could be harmful for more 
sensitive plants, specially in non-calcareous 
soils. Furthermore, the continous leaching of Na 
could be an additional cause of pollution in the 
subsoil and water table. Total salinity and the 
concentration of Na and el ions should certainly 
be specified in marketed composts, as has been 
pointed out by Zucconi and de Bertoldi (1987). 
Without precise standards and policies for com-
post s, the agricultural use of this kind of urban 
compost, with its high contaminating capacity, 
does not seem to be an advisable practice. Para-
doxicalIy this is because of the agricultural ad-
vantages that could derive from its successive 
accumulation in the soil. 
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